1. Introduction {#s0005}
===============

Since the earliest times, it has been in the human nature to look for a culprit (human or animal) during epidemics, leading often to irrational behaviors aimed at eliminating the threat. With the emergence of COVID-19, the designated culprits were bats and pangolins. However, what was their actual role in the process leading to the current pandemic?

2. Main {#s0010}
=======

SARS-CoV-2 which recently affected the human population worldwide is suspected to have originated from bats. It was found to be closely related to the Sarbecoviruses MN996532_raTG13 and RmYN02 from the Chinese horseshoe bats *Rhinolophus affinis* and *Rhinolophus malayanus,* respectively ([@bb0290]; [@bb0295]) There is no evidence of direct transmission of Sarbecoviruses from bats to humans yet ([@bb0005]). The only direct Sarbecovirus infections of humans have been linked to laboratory accidents during the SARS epidemic ([@bb0075]; [@bb0050]; [@bb0140], [@bb0145], [@bb0150]; [@bb0155]; [@bb0175]; [@bb0220]: [@bb0235]; [@bb0225]). To date, no higher incidence of Sarbecovirus infections has been reported in anthropized ecosystems even among employees of guano farms who come into direct contact with bat feces (guano) even though about 22% of bats from guano farms release coronaviruses in their feces, among which almost 5% are Sarbecoviruses ([@bb0025]; [@bb0010]). Assuming a lack of direct bat-to-human Sarbecovirus transmission and the need of a reservoir according to the spillover theory of zoonotic emergence, many teams have attempted to identify the animal serving as an intermediate. The Malayan or Javan pangolin (*Manis javanica*) was suspected of being this intermediate host based on, 1) its ACE2 receptor sequence, 2) the presence of Sarbecoviruses related to SARS-CoV-2 ([@bb0105]; [@bb0110]; [@bb0015]; [@bb0070]) in animals smuggled from the Indomalayian region, and 3) the presence of pangolins in wet markets in China where they are considered a delicacy and a component of traditional pharmacopeia. Several studies, based on metagenomics, have concluded on a diversity of the pangolin\'s virome, the close relationship of the ACE2-binding region of the viral spike named "Receptor Binding Domain" (RBD) to that of SARS-CoV-2 and the in silico model prediction of recombinants between pangolins and *R. affinis* bats Sarbecoviruses ([@bb0105]; [@bb0090]; [@bb0275]; [@bb0100]; [@bb0210]; [@bb0240]).^.^ However, this is purely an in silico modeling and bats and pangolins from which Sarbecoviruses have been described are found in very distant regions and display very different biology and ecology, making such a recombination event very questionable. Furthermore, a recent in depth genomic analysis demonstrated that there was no recombination in SARS-CoV-2 and that it has circulating at least in bats for several decades ([@bb0030]). Furthermore, the drawback with metagenomic analyses is that there is no evidence that the different parts come from the same virus and the observed recombinants might result from artifactual assembly mosaics. The SARS-CoV-2 S1 spike protein binds the human ACE2 cell surface molecules ([@bb0255]; [@bb0280], [@bb0285]; [@bb0215]). The analysis of 3-D structures of ACE2 indicated that the amino acids found in the regions 30--41, 82--93 and 353--358 play a major role in interactions with the viral S1 spike ([@bb0245]; [@bb0080]). This opened the way for a whole series of in silico analyses of ACE2 polymorphism intended to predict which putative intermediate host animal might bear the ACE2 receptor best suited to capture a SARS-CoV-2-like Sarbecovirus transmissible to humans ([@bb0110]; [@bb0180]; [@bb0095]; [@bb0170]; [@bb0125]; [@bb0280], [@bb0285]; [@bb0190]; [@bb0115]; [@bb0045]). Besides pangolin, SARS-CoV-2 was also reported to bind to ACE2 from Chinese horseshoe bats, civet, cat, turtle, ferret, monkey, dog, Chinese hamster, buffalo, cow, sheep, swine and even pigeon ([@bb0110]; [@bb0180]; [@bb0095]; [@bb0170]; [@bb0125]; [@bb0280], [@bb0285]; [@bb0190]; [@bb0115]; [@bb0045]; [@bb0055]). Nevertheless, the focus was put only on pangolin since it hosts Sarbecoviruses and is sold in wet markets. Furthermore, the binding affinity of the pangolin ACE2 receptor for SARS-Cov-2 RBD was reported to be low ([@bb0045]). The ACE2 receptor from *Rhinolophus sinicus* (Chinese horseshoe bat) is characterized by the SARS-CoV-2 favorable amino acids K31, N82, N90, K353 but lacks the Y amino acid residue at position 41 (Y41H), while *Manis javanica* (Sunda pangolin) expresses the favorable amino acids K31, Y41, N82, N90, K353 and *Homo sapiens* (human) expresses K31, Y41, N90, K353 and lacks the N82 residue (N82M) ([Fig. 1](#f0005){ref-type="fig"}a). These amino acid substitutions in ACE2 do not impact the global 3-D structure of the molecule even though they can alter the electrostatic potential surface of the molecule thereby affecting the affinity of the viral spike for ACE2 ([@bb0055]). The ACE2 receptors from three species of pangolin, i.e. *Manis pentadactyla, M. Janavica* and *Phataginus tricuspis*, display a binding score for SARS-CoV-2 ranging from low to very low ([@bb0015]). The RBD is the most variable region in the spike protein ([@bb0015]). It is not a sequence isolated from the rest of the spike protein and its coding sequence is not independent from the rest of the genome. The active conformation of the RBD largely depends on the specific conformation of the spike protein and interactions with other amino acids within the protein. In silico structural modeling of a short sequence cannot provide evidence of full similarity, only hints. Furthermore, the RBD is under positive selection, i.e. host driven ([@bb0270]; [@bb0200]) and converging adaptive evolution might thus occur resulting in a similar structure to recognize a similar active site of a receptor. A virus identical or highly similar to SARS-CoV-2 must be isolated from an animal species in order to formally identify this intermediary, which is not the case with pangolins\' Sarbecoviruses. The RdRp (polymerase) sequences from Sarbecoviruses of *R. affinis* (MN996532_raTG13) and *R. malayanus* (RmYN02_EPI_ISL_412977), both from Yunnan, China, are closer to SARS-CoV-2 than the RdRp from pangolins\' coronaviruses ([Fig. 1](#f0005){ref-type="fig"}b). The RdRp from SARS-CoV-2 is also closer to the RdRp from Sarbecoviruses isolated from *Rhinolophus euryale* (KC633202) and *Rhinolophus blasii* (NC014470) from Bulgaria than to the RdRp from pangolin. Conversely, the Sarbecovirus from pangolin is, according to the RdRp sequence, closer to a *Rhinolophus* bat from Kenya (KY352407) ([Fig. 1](#f0005){ref-type="fig"}b). Furthermore, SARS-CoV-2 falls into a separate branch than Sarbecoviruses from pangolin ([Fig. 1](#f0005){ref-type="fig"}b). This indicates that SARS-CoV-2-like Sarbecoviruses circulate within the genus *Rhinolophus* worldwide. The S gene coding for the spike protein, provides a similar feature although less sequences are available. SARS-COV-2 and pangolins\' Sarbecoviruses belong to different clusters separated by high bootstraps (100), the spike gene from *R. affinis* Sarbecovirus (MN996532) being closer to SARS-CoV-2 ([Fig. 1](#f0005){ref-type="fig"}c). The conclusion coming from these data is, in agreement with a previous study ([@bb0120]), that the pangolin is not the intermediate species in the transmission of SARS-CoV-2 from bats to humans. It appears to only be a parallel host infected by a Sarbecovirus very closely related to SARS-CoV-2 with whom it shares a common ancestor. Furthermore, the COVID-19 epidemic did not start in December 2019 in the Huanan Seafood Wholesale Market (HSWM) where pangolins were supposed to be sold but earlier and outside HSWM ([@bb0060]). Another conclusion is that very closely related Sarbecoviruses circulate in different hosts worldwide raising the question of the dynamic of zoonotic emergence and the role played by wildlife. Two hypothetic models of zoonotic emergence can be envisioned, the well-known spillover model and an alternative model we propose to name the circulation model. The spillover model theorizes that zoonotic emergence starts as a consequence of a zoonotic pressure ([@bb0165]). In this model, the virus is developing into an epizootic stage in an animal population, reaching the threshold needed for interspecies transmission and following contact with humans, develop within the human populations. Socio-economic factors and demographic dynamic trigger the epidemic or pandemic expansion of the disease ([@bb0165]; [@bb0060]). According to the spillover model, the disease already exists as an epizootic and, thus, identifying the animal reservoir is essential to stop viral spread. However, when considering the last three main coronavirus epidemics, i.e. SARS, MERS and COVID-19, several requirements for the spillover model are not fulfilled. First of all, no epizootic necessary to reach the level of zoonotic pressure required for the spillover was ever recorded for either SARS, MERS or COVID-19. Palm civets and dromedaries were identified as intermediate hosts carrying viruses similar to SARS and MERS, respectively ([@bb0185]; [@bb0020]; [@bb0035]). However, they were identified by sampling in the absence of epizootics. Infected masked palm civets were found in markets in Guangdong and Hong Kong ([@bb0185]). Infected dromedaries were found in the Arabian Peninsula and in Africa ([@bb0035]: [@bb0135]). Noteworthy, camels used in the Arabian Peninsula are imported from Africa ([@bb0260]) and no MERS outbreak or related epizootic were ever reported in Africa. Until now, no animal intermediate was formally identified in the COVID-19 pandemic. Currently, only hypotheses exclusively based on in silico models and predictions have been put forward. Two closely related bat CoVs were identified but both from samples collected before the outbreak and outside Hubei, i.e. Yunnan ([@bb0290]; Zhou et al., 2o20b). The proposed circulation model for zoonotic emergence complies with the observations done until now. In this model there is no requirement for zoonotic pressure or epizootic episode prior to the emergence of a human disease. No epizootics were reported in civets or camels for SARS or MERS, respectively. Furthermore, there is no animal reservoirs displaying a disproportionate risk of triggering a zoonosis and potentially zoonotic viruses are evenly spread in all animal taxa ([@bb0130]). Searching for a culprit in the wild is not realistic ([@bb0130]). According to the circulation model there is a broad circulation of viruses in different species, including humans, upon contact but with no epidemic to follow. This fits with the observation that humans have been a lot more exposed to various viruses than expected and without any related epidemic ([@bb0160]). Out of 60 viruses involved in zoonoses, 59 are RNA viruses ([@bb0040]). Several RNA viruses, among which the Coronaviruses, including SARS-CoV and SARS-CoV-2, were shown to undergo a quasispecies evolutionary process ([@bb0270]; [@bb0200]; [@bb0165]; [@bb0185]). This process postulates that there is no specific preadaptation of the virus to the host but instead a post-exposure, host-driven selection of viruses displaying the best propensity to evade immune surveillance and replicate. Contact, low affinity receptor interaction and lack of molecular interference during replication are enough to establish productive infection after what the virus will follow in-host selection. This is compatible with the high diversity observed in the spike proteins of Coronaviruses ([@bb0015]) which is under positive selection, i.e. host driven (Zhang e al, 2007; [@bb0200]; [@bb0035]; [@bb0195]; [@bb0250]). In line with this model, the RBD from SARS-CoV-2 is not fully optimized for human ACE2 ([@bb0015]). According to the circulation model, what really prepares the ground for the epidemic is simply an accidental event, i.e. a mutation, recombination or reassortment in the virus genome. The virus is already present in an animal population close to humans or even in humans, and this mutation makes it more invasive and/or pathogenic. This was very recently reported in SARS-CoV-2 ([@bb0085]) and beyond coronaviruses has been observed in influenza, chikungunya or Zika viruses ([@bb0230]: [@bb0205]; [@bb0265]).Fig. 1Comparative analysis of ACE2 and Sarbecoviruses sequences.1a. Comparative analysis of ACE2 sequences from bat, human and pangolin. Clustal Omega multiple sequence alignment (EMBL-EBI bioinformatic tool; Copyright © EMBL 2020), was used to compare the extracellular 1 to 660 amino acids portion of the ACE2 protein sequences of bat (Rsin, *Rhinolophus sinicus*; GenBank: [AGZ48803.1](ncbi-p:AGZ48803.1){#ir0005}), human (Hsap, *Homo sapiens*; GenBank: [BAB40370.1](ncbi-p:BAB40370.1){#ir0010}), and pangolin (Mjav, *Manis javanica*; NCBI Reference Sequence: XP_017505752.1),. Some of the amino acids important for viral tropism are in red (previous studies showed that residues 31 K, 41Y, 90 N and 353 K are important for viral spike binding to human ACE2). Within the regions considered important for the interaction with the spike of SARS-CoV-2 (regions 30--42, 82--94 and 350--358, respectively), the conserved amino acids with respect to the bat ACE2 sequence are highlighted in yellow. Amino acids that differ from the bat ACE2 sequence are in light blue.b. Phylogenetic analysis of the RdRp gene. The alignment of the full RdRp genes was performed with MUSCLE from the SeaView package ([@bb0065]). The tree was built using the maximum likelihood method under the GTR model with 500 repeats. The tree was rooted using the RdRp sequence of a 229E-related bat coronavirus (KT253278) as outgroup. Blue: RdRp sequences from human SARS-CoV-2. Red. RdRp sequences from pangolins\' Sarbecoviruses.c. Phylogenetic analysis of the S (spike) gene. The alignment of the full S (spike) genes was performed with MUSCLE from the SeaView package ([@bb0065]). The tree was rooted using the spike sequence of a *Neoromicia capensis* coronavirus (KC869678) as outgroup. The tree was built using the maximum likelihood method under the GTR model with 500 repeats. Blue: RdRp sequences from human SARS-CoV-2. Red. RdRp sequences from pangolins\' Sarbecoviruses.Fig. 1

3. Conclusion {#s0015}
=============

The real triggers for epidemic and pandemics are the societal organization and society-driven human/animal contacts and amplification loops provided by the modern human society, i.e. contacts, land conversion, markets, international trades, mobility, etc. ([@bb0160]; [@bb0060]). A major positive effect of the circulation model is that the focus is put on these human activities and not on wildlife. We must reconsider the way we interact with Nature. Pangolins, bats and other animals are not responsible for the epidemics or pandemics affecting humans. Blaming wildlife for zoonotic emergence may result in useless and highly damaging culling, mass slaughter and loss of biodiversity.
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